Objective: The development of a bronchopleural fistula is a devastating complication after lung resection. We describe a new method of buttressing the closure of the stump in diabetic patients using a pedicled internal mammary artery buttress flap to avoid a bronchopleural fistula. Methods: An internal mammary pedicled flap was used in 14 diabetic patients of lung resection to cover the bronchial stump. Results: The flap of viable vascularized muscle mass gave an excellent coverage of the bronchial stump. All patients recovered well with no bronchopleural fistula. Conclusions: We recommend this technique as a method of buttressing the bronchial stump in cases of lung resection, as the internal mammary artery is easily available and its use is not associated with any side effects.
Introduction
The development of a bronchopleural fistula (BPF) after lung resection is a serious complication with a reported incidence of 4% to 12% [1] . Extra coverage and re-inforcement of the bronchial stump with surrounding tissue have been used in an attempt to decrease the incidence of BPF [1] - [4] . Different biological materials [1] - [4] such as pleura, intercostal muscle pericardial fat pad, diaphragm, azygos vein (in right-sided pneumonectomy), pericardiophrenic pedicles and the patient's own pericardium have been used. Diabetic patients undergoing lung resections are at increased risk for postoperative BPF [1] . This is mainly due to the microangiopathy caused by diabetes, which alters the vascularity and oxygen diffusion capacity at the bronchial stump and thus impairs proper healing. We describe a new technique with the pedicled internal mammary artery (IMA)-the "Bedi-IMA Buttress"-to cover the bronchial stump in diabetic patients after lung resection.
Material and Methods
14 patients underwent the procedure. The study was approved by the Institute Ethics committee and the patients gave an informed consent to the use of the technique. All patients had insulin dependent diabetes mellitus (IDDM) of over 5 years duration with good control. There were 12 male and 2 female patients. The age range was 45 -78 years (average 55.6 years).The indication for resection (3 pneumonectomies, 11 lobectomies) was Stage 1 lung cancer in 3, bronchiectasis in 5 and cavity with fungal ball (aspergilloma) and hemoptysis in 6. None of the cancer patients had preoperative chemotherapy or radiotherapy. A cardiology clearance was taken in all cases and no patient was clinically found to have ischemic heart disease (IHD).
Preoperative Assessment
All patients underwent a standard set of investigations before operation. These included, plain chest roentgenograms, computed tomography (CT) of the chest, fiberoptic bronchoscopy to assess the airway and tumor resectability and spirometry. All patients were assessed by the same medical and surgical teams from our Institute.
Surgical Technique
A standard postero-lateral thoracotomy was performed in all and the lung resection performed. In the patients with lung cancer tumor negativity of resection margins was confirmed by histologic examination of frozen sections. Bronchial stump closure was performed with mechanical staplers (Ethicon Endo surgery, J & J, Guaynabo, Puerto Rico, USA). The integrity of the closure was tested by filling the lung cavity with warm saline and increasing the ventilatory pressure to 30 cm H 2 O. The stumps were then covered.
Coverage of the Bronchial Stump
The IMA was then harvested using standard techniques [5] with electro-cautery and liga clips. The IMA was identified easily at the back of the sternum. The endothoracic fascia was incised with electrocautery at low setting medially and laterally 2 cm from the IMA in a tram-track fashion. The IMA along with its veins, fascia, and a generous amount of muscle and fat was separated from the chest wall leaving a bare IMA bed behind. Branches were controlled with small-sized hemostatic clips frequently only by the IMA side. The IMA was dissected up to its bifurcation. The distal end was now divided, good flow confirmed and the cut end controlled with a hemostatic clip. The IMA buttress flap was brought down and sewn over the bronchus in a cap like fashion using interrupted 4 -0 Prolene sutures (Ethicon, Somerville, NJ) so that the whole bronchial stump was covered. All patients were extubated after surgery in the operation theatre and received standard postoperative care. Primary outcomes of interest looked for were the development of BPF and empyema. All patients were seen in outpatient surgical clinic 1 month after surgery and at 6-month intervals thereafter. Follow-up was a mean 16 ± 9.2 months (range 7 to 24 months) Figure 1. 
Results
The IMA exposure was excellent through the postero-lateral thoracotomy. The harvesting was easy and took an average of 8.8 minutes. The median hospital stay was 8 days (range 5 to 15 days). Perioperative mortality was 0. No case of BPF occurred during the early or late follow-up period. The new technique did not have any adverse effect on any patient.
Discussion
The development of a BPF remains one of the most devastating complications that may arise after lung resec- tions [1] . Protection of the bronchial stump with well-vascularized tissue results in reinforcement of the bronchial stump. Most surgeons agree that it is prudent to buttress bronchi at high risk of developing a BPF with living tissue after lobectomy or pneumonectomy; however, no consensus has been reached on the ideal material to use [1] - [4] .
Pedicled pericardial flap or pericardial fat pad, pleura, intercostal muscle, diaphragm, and azygos vein (for right pneumonectomy) have been used as an additional coverage of bronchial stump wound [1] - [4] . The number of techniques is testimony to the fact that no one technique is perfect. The use of the pedicled pericardium or pericardial fat gives a flap which is not vascular. An attempt to gain vascularity by including the pericardiophrenic vessels sacrifices the phrenic nerve. Also there is a need to reconstruct the defect in the pericardium with a Vicryl mesh (to prevent herniation of the heart through the resulting defect)-with the resultant increase in cost, the risk of arrhythmias, intrapericardial infection and the risk of cardiac tamponade due to too tight a reconstruction [4] . The pedicled intercostal muscle flaps have the problem of poor vascularity and there is the potential for developing heterotopic ossification based on the periosteum of the rib which may cause severe problems [6] . Mineo and coworkers [7] have reported excellent results with the use of a diaphragmatic flap to reinforce the bronchial stump after pneumonectomy. Pedicled omental flaps have also been used [8] . Both techniques [7] [8] have the disadvantage of extending the thoracic operation into the abdomen. A major complication of diaphragm flaps is visceral herniation that has to be prevented by using Mersilene mesh to close the diaphragmatic defect. All of these techniques lead to a longer surgical duration and, moreover, weakening of the chest wall or diaphragmatic muscle which can cause respiratory insufficiency during the postoperative course.
The use of a pedicled IMA has the advantage of its own blood supply and a good thickness of well vascularized muscle tissue. It creates a mechanical barrier between the bronchial stump and the thoracic cavity. It is easy and quick to harvest as it is available in the local operating field, causes minimal extra operative trauma and does not require any reconstruction. Harvesting requires no special equipment and can be performed by the general thoracic surgeon. In addition, its length and mobility allows it to reach any bronchi.
Our data support the use of the Bedi-IMA Buttress in diabetic patients undergoing lung resection. Although the results appear encouraging, further studies will probably be needed, along with continued follow-up, to confirm our findings. The major limitation of this study is that it was conducted at a single institution by a single surgeon (HSB) on a very small number of patients with no controls. There is also the theoretical problem in the loss of the IMA in case a coronary artery bypass grafting (CABG) is required later on-although a literature search does not report on any case of a post lung resection patient needing a CABG at a later date. We screen all our cases for the possibility of IHD and would avoid the Bedi-IMA Buttress flap in a patient with CAD.
Conclusion
The favorable results of the use of a the Bedi-IMA Buttress flap in our study suggest that bronchial stump rein-Contribution Details (to Be Ticked Marked as Applicable) Contributor 
